Introduction
The graphs considered here are simple and without isolated vertices. Let [1] .
Each vertex of a graph is said to dominate every vertex in its closed neighborhood. A set V D ⊆ is a dominating set if each vertex in V is dominated by some vertex in D . The domination number ) (G γ of G is the minimum cardinality of a dominating set. Many domination parameters have been defined. For comprehensive work on the subject [2] . A dominating set V D ⊆ of a graph ) , ( = E V G is called a connected dominating set if the induced subgraph 〉 〈D is connected. The connected domination number ) (G c γ of G is the minimum cardinality of a connected dominating set of G [3] .
is called a total dominating set if the induced subgraph 〉 〈D has no isolated vertices. The total domination number ) (G t γ of G is the minimum cardinality of a total dominating set of G [4] .
A dominating set D is said to be a cototal dominating set if the induced subgraph
has no isolated vertices. The cototal domination number ) (G cl γ of G is the minimum cardinality of a cototal dominating set of G [5] . Inspired from the cototal domination, we introduce the new parameter in the field of domination theory of graphs as follows:
A total dominating set D is said to be a complete cototal dominating set if the induced subgraph
has no isolated vertices. The complete cototal domination number ) (G cc γ of G is the minimum cardinality of a complete cototal dominating set of G .
For example, consider a graph G in Fig. 1 . The set {1,2,3} is a dominating set as well as cototal dominating set, and set {4,5,6} is a total dominating set. However, any complete cototal dominating set must include each pendant vertex {1,2,3} and its neighbor {4,5,6} . 
Applications
Many applications of domination in graphs can be extended to complete cototal domination. For example, if we think of each vertex in a dominating set as file server for a computer network, then each computer in the network has direct access to a file server. It is sometimes reasonable to assume that this access be available even when one of the file servers goes down. A complete cototal dominating set provides the desired fault tolerance for such cases because each computer has access to at least two file servers and each file server has direct access to one backup server and each backup file server has direct access to at least one backup file server.
Results
Obviously, a graph with an isolated vertex cannot have a complete cototal dominating set. We ask the natural question regarding the existence of complete cototal dominating sets. 
Proof. Let x G = ) ( δ be a minimum degree vertex of G . We consider the following cases. 
This reduces to the bound of the theorem.
Theorem 2.9 For any tree
In the next theorem we characterize the tree for which 3
We define the following operations on trees which achive the lower bound of the above theorem 2.9. T is a tree which can be obtained from a tree by applying operation 3} , T can be obtained from T ′ by applying operation type 1. By induction assumption
is a complete cototal dominating set of cardinality
is a complete cototal dominating set of cardinality Proof. Suppose v is a pendant vertex of a tree T , and
If the number of vertices in a tree T is a multiple of three, i.e. k p 3 = for some positive 
for some positive integer k , and T can be constructed from 0 X T ∈ ′ by applying operation 2 to T ′ . Let u be the 1
is a complete cototal dominating set of T of cardinality 1 2 + k . Therefore, 
We therefore assume that 3
v is neither a pendant vertex nor a support vertex of
is a complete cototal dominating set of T ′ and so 2 3
Next, we have the following characterization of those graphs for which the complete cototal domination number is equal to the total domination number. 
